Vibrational investigations along with theoretical quantum chemical studies 
INTRODUCTION
The aim of the present study is to investigate in detail the vibrational spectra of the title molecule "2-Diphenylphosphanyl-6-fluoro-pyridine (C 17 H 14 NFP)", a derivative of pyridine due to its biologically active properties. Pyridine is a heterocyclic aromatic tertiary amine, also called azabenzene and azine, is characterized by a six member ring composed of five carbon atoms and a nitrogen atom which replace one carbonhydrogen unit in the benzene ring (C 5 H 5 N). Pyridine is a base with chemical properties similar to tertiary amines. Pyridine and its derivatives are used as solvents and starting material for the synthesis of target compounds for instance insecticides, herbicides, medicines, vitamins, food flavorings, feed additives, dyes, rubber chemicals, explosives, disinfectants, and adhesives. It is also used as a denaturant for antifreeze mixtures, as a dyeing assistant in textiles and in fungicides [1, 2] . 
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MATERIALS AND METHODS
The model molecular structure of the title compound is shown fig 1. The title molecule is an asymmetric top with rotational symmetry number equal to 1 and 93 degrees of freedom. The theoretical IR spectra plotted is shown in fig 2. 
RESULT AND DISCUSSION
All the calculations were performed on an AMD dual core/2.71 GHz personal computer by the B3LYP [3, 4] method using the 6-31+g(d,p) level basis set of densit y functional theory. All computations were carried out with the Gaussian 09 package [5] by combining the results of the Gaussview 5.0.8 program package [6] with symmetry considerations and the VEDA 4 program to calculate the PED values [7] .
Geometry Optimization
The optimized geometrical parameters of the title molecule 2-Diphenylphosphanyl-6-fluoropyridine are listed in table 1, showing bond lengths and bond angles only. The out of plane and torsional vibrations are not shown for the sake of space and are with the corresponding author. The optimized geometry parameters of the title compound are calculated by the DFT-B3LYP method. The calculations converged to optimized geometries by allowing the relaxation of all the parameters, which also correspond to true energy minima. This is revealed by the absence of any imaginary frequencies in the vibrational spectra calculations. Subsequently the zero point vibrations energy obtained for structure optimization of the title molecule is calculated as 172.99 Kcal/mol. 
Thermodynamic and Electronic Parameters
The thermodynamic functions like internal thermal energy (E), specific heat capacity at constant volume (C v ) and entropy (S) are shown in [8, 9] and vice versa. In our calculations the orbital gap of 2-Diphenylphosphanyl-6-fluoro-pyridine is calculated as 11.26 eV. This shows that table molecule is at higher value of band gap and so less polarizable, less chemical reactivity and high kinetic stability. In the present DFT study the plots of LUMO and HUMO are shown in Fig 3 and 
Vibrational Study and Electronic Parameters of "2-Diphenylphosphanyl-6-fluoro-pyridine"using First Principle

Vibrational Analysis
The maximum number of potentially active observable fundamentals of a nonlinear compound containing N-atoms is equal to (3N-6) [10]. The title compound "2-Diphenylphosphanyl-6-fluoropyridine (C 17 H 14 NFP)" contains 34 atoms and hence exhibits 96 normal modes of vibrations. The assignment of the calculated frequency, are supported by the animation of Gauss View 5.0.8, which gives a 3D-view of the vibrational modes. The potential energy distribution (PED) is calculated by VEDA 4 software program. To correct overestimations at the calculated harmonic frequencies an empirical uniform scaling factor of 0.983 up to 1700 cm -1 and 0.958 for above 1700 cm -1 were used [11] . All the vibrational assignments are presented in table 3.
(C-H) stretch
The aromatic structure rings R1, R2 and of the title compound show the presence of C-H stretching vibration in the region 3300-3200 cm -1 which is the a bit higher than the characteristic region for the ready identification of C-H stretching vibration [12] . These vibrations are found to be affected due to the position of the substitution. (Table-3 Annexure-1) 
C-C stretch
Ring Vibrations. The C-C aromatic stretch known as semi-circle stretching, are calculated at 1689, 1682, 1640, 1603, 1277 and 1224 cm -1 . They are in good agreement wit h the report ed frequencies wit h appropriat e PED. The theoretically calculated C-C-C bending and C-C torsional modes have been found to be consistent with the reported values [12] .
C-N stretch
The C-N vibrational mode is not easily identified due to the mixing of vibrations of other modes in this region. In the title molecule, the C-N stretching vibrations are calculated at 1277, 1157 and 1069 cm -1 . Various bending and torsional vibrations assigned to the ν(C-N) stretching mode are also supported by the literature [13] .
C-F Stretch
The C-F stretching vibrations are calculated at frequencies 1603, 1427, 969 and 611 cm -1 . The corresponding in plane bending and torsional modes are reported in the literature [14, 15] .
P-C stretch
The calculated values of P-C stretching mode is obtained at frequencies values 1277, 969, 768, 759, 739,454 and 435 cm -1 with max PED value at 768 cm -1 . The frequency range of P-C stretching, in plane bending, out of plane wag and torsional Vibrational modes are reported in the literature [16] .
Lower region vibrational modes
The study of low frequency vibrations is of great importance because it provides the information for weak intermolecular interactions, which occurs in enzyme reactions [17] . Study of low frequency modes is also useful for the interpretation of the effect of electromagnetic radiation on biological systems [18] . In the present study, some important calculated lower order vibrational mode are 701, 574 and 569 with assignment R3 puckering, ω(P-C-C-C) out of plane bending with 71%, 16% and 23% PED values. These mode seems to be one of the characteristic modes of the title compound.
In lower range discrepancies are observed in the experimental and theoretical intensity in lower range of frequencies which are due to the impurity of the sample used, intermolecular interactions, anharmonicity and mixing of different modes of vibrations.
CONCLUSION
Present study reports a comprehensive theoretical quantum chemical study on "2-Diphenylphosphanyl-6-fluoro-pyridine (C 17 H 14 NFP)". The molecular geometry, vibrational wave numbers, infrared intensities, electronic and thermodynamic electronic properties of the title molecule have been calculated using DFT (B3LYP) method adopting at 6-31+g(d,p) basis set. Normal modes analysis provides detailed description of the Vibrational spectra of the molecules in question. A good agreement between reported and calculated normal modes of vibrations has been achieved. The aim of this paper is to obtain direct information on lower and higher frequency vibrations of such biological molecule. In the absence of experimental vibrational spectra of the title compound, the theoretically calculated spectra should provide an important path for experimentalists. All the measurements were made for the gas phase.
